The unitary free energy of transfer of a hydrocarbon molecule from a hydrocarbon solvent to an aqueous medium is a measure of the hydrophobic inter- Hydrophobic free energy may be defined in terms of the unitary free energy of transfer of a non-polar solute from a nonpolar reference solvent such as a liquid hydrocarbon to an aqueous medium (1). It can be determined from the equilibrium distribution between the two solvents. If XHC and Xw are the equilibrium concentrations in mole fraction units in hydrocarbon and water, respectively, and I.'Hc and gOw are the corresponding standard chemical potentials, A0W -U'HC= RT In XHC/XW [1] represents the hydrophobic free energy. For pure hydrocarbons one may use the solubility of the hydrocarbon in water (X, in mole fraction units). With XHC = 1 Eq. 1 becomes A 0W-/tOHC =-RT In X.
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The necessity of using unitary units in these equations has been spelled out in several places (1) (2) (3) . Use of these units eliminates cratic contributions to u°so that uSw -/OHc reflects only the internal free energy of the solute molecule and the free energy of its contacts with surrounding solvent molecules. It is well established that the free energy of transfer defined by Eq. 1 is a linear function of the hydrocarbon chain length or the molar volume for normal saturated aliphatic hydrocarbons (1, 4) . The same is true for homologous series of amphiphilic molecules with saturated n-alkyl chains (1, 5) : for such molecules MAw-/OHc represents the sum of the favorable free energy of interaction of water with the hydrophilic head groups (independent of alkyl chain length in a homologous series) and the hydrophobic free energy of the alkyl chain. For branched or cyclic hydrocarbons, however, the free energy of transfer is less than for an unbranched chain with the same number of carbon atoms or the same molar volume. This is a reasonable result because the hydrophobic free energy arises from contacts between hydrocarbon and water at the solutesolvent interface and would thus be expected to be a function of the surface area of the hydrocarbon molecule (or alkyl chain in the case of an amphiphile) rather than chain length or molar volume.
This expectation has been tested in recent papers by Hermann (6) and by Harris et al. (7) . Both papers reported that a good empirical correlation between free energy and surface area can indeed be made, incorporating cyclic, branched and unbranched chains in a single relation. In the procedure of Harris et al. (7) only relative surface areas were measured, so that an absolute value for the hydrophobic free energy per unit area could not be determined. Hermann (6) figure. A simple method for determining cavity surface areas by packing spheres representing water molecules around molecular models has been described by Harris et al. (7) . We have used the method as described and have obtained excellent agreement with their results. This method provides areas of alkyl groups rather than whole hydrocarbon molecules, and does so in relative units, the tert-butyl group being unity. The results also show that Hermann's line is prejudiced by the omission of the results for n-hexane, n-heptane, and n-octane. Even if the problem of the intercept at A = 0 is ignored, significant deviation from linearity is introduced into the plot when these data are included.
We have included only the most favored conformations for hydrocarbons with multiple confromational states, but have made similar plots using the weighted average conformations (6) and the results are not significantly altered. The conclusion from Fig. 1 Fig. 2 using relative areas (A') calculated by the method of Harris et al. (7) . This method depends on manual packing of model water molecules around a molecular model and is incapable of the precision of a computer method, but would appear to contain no possible source of systematic error. It is evident from the figure that A0w -A HC is in fact linearly related to A' and that the straight line through the points passes through the origin without straining the data. The single deviant point is for 2,4-dimethvlpentane. Points for other branched hydrocarbons (2,2-dimethylbutane, 2,2,5-trimethylhexane) and for cyclic hydrocarbons show no deviations. The result suggests that the non-adherence of the data of Fig. 1 It might also be pointed out that present conceptualization of the origin of the hydrophobic effect does not suggest that enthalpies and entropies of transfer will necessarily be regular functions of contact area. The anomalously high heat capacity associated with the hydrophobic effect suggests that the water molecules surrounding a hydrocarbon chain or other nonpolar cavity can exist in two or more states of nearly the same free energy but with different enthalpies and entropies (1) . The shape of the cavity could well affect the distribution between these states, leading to unpredictable variations in enthalpy and entropy without significant perturbation of the linear dependence of free energy on cavity surface area.
